Lab Anim Res 2013: 29(3), 162-167 

http://dx.doi.Org/10.5625/lar.2013.29.3.162 



Laboratory 
Animal 
Research 

http://submission.kalas.or.kr 



Proteomic analysis of liver in miniature pigs according to 
developmental stages using two-dimensional electrophoresis and 
matrix-assisted laser desorption/ionization-time of 
flight mass spectrometry 

Sun-Shin Yi 1 , Sae-Jin Oh 2 , ll-Yong Kim 3 , Hye-Jung Yeom 4 , Su-Cheong Yeom 5 , 
Seung-Yong Hwang 6 , Je-Kyung Seong 3 ' 7 * 

^Department of Biomedical Laboratory Science, College of Biomedical Sciences, Soonchunhyang University, Asan, Korea 
2 Department of Pathology and Laboratory of Immune Regulation, College of Medicine, Seoul National University, Seoul, Korea 
^Laboratory of Developmental Biology and Genetics, College of Veterinary Medicine, Seoul National University, Seoul, Korea 
^Transitional Research Institute, College of Medicine, Seoul National University, Seoul, Korea 
5 Biomedical Center for Animal Resource and Development, Bio-Max Institute, Seoul National University, Seoul, Korea 
b Department of Biochemistry, Hanyang University, Ansan, Korea 
7 Interdisciplinary Program for Bioinformatics, Program for Cancer Biology and Bio-Max Institute, 
Seoul National University, Seoul, Korea 



Due to the shortage of human organ donors for transplant, various studies of xenotransplantation, or the 
use of animal organs instead of human organs, have been carried out. The organs of porcine are thought 
to be safer and of a more suitable size for xenotransplantationthan those of nonhuman primates. 
Understanding the levels of expression of proteins, and their post-translational regulation, would be very 
practical between different species and among developing stages, though the molecular profiling for 
xenotransplantation has been rarely studied for porcine, while that of human and rodent is well known. 
Here, in this present study, we report protein regulation of the developing stages of liver (4-day old 
neonate, 19-day old piglet and 14-month old adult miniature pigs) using 2-DE and MALDI-TOF. From 
images of the three different stages, a total of 8 spotswhich were differently regulated were identified, 
and 5 spots were identified with MALDI-TOF MS. The data presented within this study provides critical 
direction relating to the development of livers of miniature pigs, which will assist future proteome 
analysis of the liver, and advance our understanding of the hurdles facing xenotransplantaion. 
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A comprehensive understanding of the regulation and 
range of gene expression is very important to elucidate 
the biological role of the encoded protein. Changes of 
gene expression configuration can also provide evidence 
concerning regulatory mechanisms, cellular functions 
and biochemical pathways [1]. Accordingly, research 
interest has focused on the identification and characterization 
of the functional protein products encoded by cell 



genome, whether independent or organized as a tissue 
[2]- 

Protein-based methods are very important because 
they characterize translational and post-translational 
modifications. Of the methods, two-dimensional electro- 
phoresis (2DE) and matrix-assisted laser desorption/ 
ionization-time of flight mass spectrometry (MALDI- 
TOF MS) monitoring of proteome levels are considered 
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to very promising tools. 

The increasing shortage of human donor organ has 
spurred interest in the possible use of animal organs, 
particularly nonhuman primates, for human transplantation 
[3,4]. Presently, the use of nonhuman primate organs as 
replacements is dangerous, and their organs are too small 
to permit proper function in human adults [4]. Therefore, 
at present, most research focuses on the use of pigs 
instead of nonhuman primates for organ transplantation 
[5]. 

Especially, inbred miniature pigs have been introduced 
by a selective breeding program over the past 25 years, 
with the goal of successful organ xenotransplantation 
[4]. However, as with any xenotransplantation effort, the 
species barrier is an imposing and potentially dangerous 
obstacle [4]. The barriers to xenotransplantation 
involving miniature pigs include: 1) rejection due to the 
immunologic barrier between human and pig, 2) 
possibility of pathogen infection of human from pigs, 3) 
problems of physiologic and anatomic incompatibility 
among species, and 4) social agreements for response of 
patients. 

Overcoming these issues is crucial if xenotrans- 
plantation is to be realized. To transplant pigs' organs 
into humans, we have to know the characteristics of 
proteins expressed in each organ. Protein expression in 
organs under the normal condition is unknown, although 
organs of miniature pigs are similar physiologically and 
anatomically with those of humans. Little is known 
regarding characteristics of expressed proteins according 
to postnatal developmental stages. 

The proteome of the pig liver remains largely 
unexplored. Presently, we focused on the liver, with the 
hope of acquiring a similar level of information as has 
been achieved in rodents and humans. A four-day-old 
miniature pig (neonate), 19-day-old miniature pig 
(piglet), and 14-month-old miniature pig (adult) were 
used as representative of developmental stages. The liver 
of each animal was analyzed by 2DE. Various protein 
expression spots among the three stages were chosen and 
the proteins were identified by MALDI-TOF MS. 
Unfortunately, since databases of various proteins in pigs 
are not as well-established asthose of humans and 
rodents, it was hard to identify these proteins. Still, the 
present findings are the first description of differentially 
expressed protein profiles of liver in miniature pigs 
according to postnatal development stage. 



Materials and Methods 

Laboratory animals 

The miniature pigs were housed in the air barrier 
facility of the Center for Animal Resource Development 
at Seoul National University. Three pigs of different ages 
and developmental stages described above were used. 
Intramuscular anesthesia was achieved using a mixture 
of 2 mL ketamine • HC1 (50 mg/mL/kg), 1 mL xylazin 
(2.3 mg/mL/kg) and 1 mL Atropine sulfate (0.5 mg/mL/ 
10 kg) during every painful/stressful procedure. The 
abdomen of each pig was shaved and disinfected with 
polyvinylpynolidone-iodine. The animals were immobilized 
on a surgical plane-table by adhesive ties. A median 
laparotomy was performed. The livers from the animals 
were nipped off aseptically and stored in liquid nitrate 
tank while being transported to the laboratory. These 
procedures were reviewed by the Institutional Animal 
and Care and Use Committee, Seoul National University, 
according to the university regulations. 

Sample preparation for 2DE 

The livers were removed immediately after sacrifice 
and stored at -70°C until used. Frozen tissues (1 g) were 
pulverized under liquid nitrogen into a fine powder using 
a mortar and pestle. Protein samples were collected and 
homogenized in 900 uL lysis buffer (7 M urea, 2 M 
thiourea, 2% w/v CHAPS, 2% Pharmalyte pH 3-10, 100 
mMDTE). Samples were centrifuged at 50,000 rpm at 
4°C for 1 h. The supernatant was carefully removed and 
immediately frozen at -70°C. 

2DE 

2D-polyacrylamide gel electrophoresis (PAGE) was 
performed as previously described [6]. Aliquots containing 
1 mg total protein were diluted in lysis buffer to a total 
volume of 450 uL. The samples were applied to a 240 
mm, immobilized, nonlinear pH 3-10 IPG Dry strip 
(Amersham Pharmacia Biotech, Piscataway, NJ), which 
was rehydrated for at least 12 h. After rehydration, the 
strips were focused at 30 V for 3 h, 100 V for 1 h, 200 V 
for 1 h, 500 V for 1 h, 1,000 V for 1 h and finally at 
8,000 V for 11 h to obtain approximately 90,000 Vh 
(Ettan Ilvl IPGphor 1M II IEF systems; Amersham Pharmacia 
Biotech). Once isoelectric focusing was completed, the 
strips were equilibrated in 6 M urea containing 20% v/v 
glycerol, 2% w/v sodium dodecyl sulfate (SDS) and 
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0.01% w/v full term for BPB with 10 mM Tributyl 
phosphine (Flukachemie, Buchs, Switzerland). SDS- 
PAGE was performed using and 8-18% separating gel 
without a stacking gel using the EttanDalt system 
(Amersham Pharmacia, Piscataway, NJ). The second 
dimension electrophoresis was carried out overnight at 3 
W/gel at 20°C. The gels were stained with Coomassie G- 
250 (Bio-Rad Laboratories, Hercules, CA,USA). 

Protein visualization and image analysis 

The gels were stained with Coomassie G-250 (Bio- 
Rad) as previously described [7]. The stained gels were 
scanned using a GS 800 photometer (Bio-Rad) and 
analyzed with the ImageMaster™ 2D Platinum Software 
version 5.0 (GeneBio, Geneva, Switzerland). The digitalized 
2DE gel images were compared by a matching method. 
Differentially expressed spots among groups (>3-fold 
and < 1/3 -fold) were analyzed and annotated. 

In-gel digestion 

The spots were cut into smaller pieces and digested 
using 12.5 ng/uL typsin (Promega, Madison, WI, USA) 
in 50 mM ammonium bicarbonate, pH 8.0, as previously 
described (Gorg et ah, 2000). For MALDI-TOF MS 
analysis, the tryptic peptides were concentrated on a 
POROS 50 R2 column (Applied BioSystems, Foster 
City, CA, USA). After subsequent washing steps of 
column with 70% acetonitrile (can) in 5% FA, 100% can 
and 5% FA, the samples were loaded into a POROS 50 



R2 column and washed with 5% FA. The sample was 
eluted with 2 uL of matrix solution consisting of 10 mg/ 
mL a-cyano-4-hydroxy-cinnamic acid (Sigma-Aldrich, 
St. Louis, MO, USA) and then dropped onto MALDI 
sample plate [8]. 

Protein identification by MALDI-TOF 

MALDI-TOF MS was performed using the Voyager 
DE-PRO spectrometer (Applied Biosystems), equipped 
with a 337 nm nitrogen laser. The instrument was 
operated at an accelerating voltage of 20 kV, positive ion 
reflection mode, voltage grid 74.5%, guide wire voltage 
0% and delay-time of 120 ns. The spectra were internally 
calibrated using the trypsin autolysis products (842.51 
[M+H] and 2211.11 [M+H]), and searching in Swiss- 
Prot identified the proteins and NCBI database using 
Mascot (Matrix Science, London, UK). Monoisotopic 
peaks [MH+] were selected and all the searches were 
analyzed with a 50 ppm mass tolerance. 

Results 

Protein identification 

Profiles of differentially expressed liver proteins were 
identified with age. The liver proteins were extracted and 
analyzed by 2D-PAGE. After 2D gels were visualized by 
Coomassie blue staining, 2DE was repeated for the three 
pairs of matched samples, three times independently 
(Figure 1). For each sample, the three gels with the best 



p/3« ► p/10 P I3+ ► p/10 pI3+ p/10 




Figure 1. Representative 2-DE gels of livers 4-day, 19-day and 14-month old miniature pigs by developmental stages, which is 
visualized by Commassie blue staining. Samples of 1 mg protein were separated on pH3-10 non-linear IPG strip (24 cm) following 
by 8-18% gradient SDS-PAGE gels as the second dimension. Proteins were detected by Coomassie brilliant blue G-250 and 
compared using ImageMaster™ 2D Platinum Software version 5.0; A: 2-DE gel of 4-day old miniature pig (neonate), B: 2-DE gel of 
19-day old miniature pig, C: 2-DE gel of 14-month old miniature pig. The closed circles indicate 13 differentially expressed protein 
spots among 4-day old miniature neonate pig, 19-day old miniature piglet, 14-month old miniature adult pig. 
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Table 1 . Identified proteins in the liver of miniature pigs by 2DE and MALDI-TOF MS 



Spot 
No. 



Name 



Accession Sec l uence 

Accession Coverage MW (D a )/pl Score 

N0 - (%) 



Expect Species Database 



. Aldehyde dehydrogenase 
mitochondrial precursor 

2 Serum Albumin precursor 

3 Keratin, Type II cytoskeletal-8 

4 Unknown 

5 Unknown 

6 Proliferation-associated protein 2G4 

7 Lamda-cristallin homolog 

8 Unknown 



P20000 

P08835 
P05786 



Q9UQ80 
Q8SPX7 



14% 56673/7.55 



20% 
11% 



17% 
14% 



69647/6.08 
53463/5.60 



43628/6.13 
34918/6.17 



65 

107 
31 



34 
26 



3.40e-02 Bovine Swissprot 



2.00e-06 
7.50e+01 



Pig Swissprot 
Bovine Swissprot 



4.50e+01 Human Swissprot 
2.60e+02 Bovine Swissprot 



resolution were selected for analysis. Analysis of spot 
intensities was calculated and the resulting dataset was 
found by Image master™ software (Geneva Bioinformatics, 
S.A, Geneva, Switzerland). Among the 399 protein spots 
detected, eight different spots were identified. The 
protein spots that were up-regulated>3-fold or down- 
regulated< 1/3-fold were selected. The selected spots 
were cut out from the gels and subjected to in-gel 
digestion with trypsin and peptide fingerprinting by 
MALDI-TOF MS. The peptide mass data were 
identified by Mascot. In this way, eight spots displayed 
a difference between the pigs were evident. Five spots 
were able to be identified by a protein function search at 
http://www.ebi.ac.uk/ego (Table 1). 

Classification of the identified proteins 

The increase and decrease of the selected spot 
intensities were inspected among the three gels from 
neonate miniature pig to miniature adult pig (Figure 2). 
The expression levels of aldehyde dehydrogenase 
mitochondrial precursor (spot no. 1), was unchanged to 
up-regulated. The expression levels of serum albumin 
(spot no. 2) and lamda-crystallin homolog (spot no. 7) 
were down-regulated. Although spot no. 5 displayed a 
similar spot intensity patterns, correct identification 
could not be performed. The expression levels of keratin, 
a type II cytoskeletal-3 protein, were up-regulated. 
Proliferation-associated protein 2G4 expression was up- 
regulated. Although spots no. 4 and no. 8 displayed 
similar intensity patterns, correct identification could not 
be performed. 

Discussion 

This study is, to our knowledge, the first report of 



protein expression of liver in miniature pig using 
proteome analysis according to the developmental stage. 
Few studies have explored the proteome of the whole 
liver of pigs. A comprehensive understanding of proteins 
expressed in the liver can provide biological information. 
About 400 proteins with an isoelectric point of pH 3-10 
and Mr of 10-100 kDa were detected. Of 399 spots, 
eightprotein spots were significantly changed among 
groups and five spots were identified. Aldehyde 
dehydrogenase mitochondrial precursor belongs to the 
aldehyde dehydrogenase family and is associated with 
ethanol utilization [9]. Serum albumin is the main 
protein of plasma and has a good binding capacity for 
water Ca 2+ , Na + , K + , fatty acids,hormones, bilirubin and 
drugs. Its main function is the regulation of the colloidal 
osmotic pressure of blood [10]. Keratin, a type II 
cytoskeletal-8 protein, helps to link the contractile- 
apparatus to dystrophin at the costameres of striated 
muscle and is expressed in bladder, liver, exocervix and 
esophagus [11]. Proliferation-associated protein 2G4 
may play a role in an ERBB3-regulated signal transduction 
pathway andseems to be involved in growth regulation. 
Itacts a co-repressorof the androgen receptor and is 
regulated by the ERBB3 ligandneuregulin-l/heregulin 
(HRG). It inhibits transcription of someE2Fl -regulated 
promoters, probably by recruiting histone acetylase 
(HAT) activity. It binds RNA and associates with 28S, 
18S and 5.8S marurerRNAs, several rRNA precursors 
and probably U3 small nucleolar RNA [12]. It may be 
involved in regulation of the intermediate and late steps 
ofrRNA processing. It may also be involved in ribosome 
assembly andmediatescap-independent translation of 
specific viral IRESs. Lamda-crystallin belongs to the 3- 
hydroxyacyl-CoA dehydrogenase family and is a lens 
component. However, it is report to be highly expressed 
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(19 day-old) (14 month old) 



Spot No.l 



Spot No.2 



Spot No.3 



Spot No.4 



- 

- 








•4- 










til 


31 





Q 
O 



Q 

O 



1 1 



/ 



Up 
3.3 



4d 19d 14m 

Up Down 



1.2 




4d 19d 14m 



Miniature neonate Miniature Piglet Miniature adult 
(4 day-old) (19 day-old) (14 month old) 



Spot No.5 



Spot No.6 



Spot No.7 



Spot No.8 



— 








'■I 












* 






Q 
O 
a: 



Q 

O 

a: 



q 
O 



4d 19d 14m 

Down Up 



<3.0 



1.9 



4d 19d 14m 
Up Down 



1.3 



4d 19d 14m 

— Down Down 



3.9 



1.8^ 



4d 19d 14m 

Figure 2. Two-DE images of alterative spots of pancreas according to developmental stage. The circles indicate differentially 
expressed protein spots and the expression patterns of the different three stages were described as simple line graphs. 



in liver and kidney, and might be related to carcinogenesis areexpressed in the liver. However, the identification 

of liver cancer [13]. was done with using other species' homology except 

Of the fiveidentified spot proteins, except for serum albumin precursor. Chen et al. and Moller et al. 

proliferation-associated protein 2G4, the proteins also used human, cattle, mouse, rat homology due to 
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shortage of database information of the pig [14,15]. 

Proteome analysis for xenotransplantation has been 
used for the investigation of target proteins for drugs and 
to explore the trend of protein expression after 
transplantation of tumor tissues into animals [16,17]. 
Anti-cancer drugs have been applied after transplantation 
of human tumor tissues into animals and the alterations 
of protein expression between the tumor transplanted 
tissue group and non-treated tissue group have been 
compared, with the aim of clarifying the effects of anti- 
cancer drugs at the protein expression level. To date, the 
characteristics of protein expression according to 
developmental stage for xenotransplantation has been 
essentially not studied. For xenotransplantation pigs are 
thought to have more potential value than non-human 
primates.However, one hindrance to this potential has 
been the paucity of mapping of the protein complement 
of various organs due to the scant database comparing 
humans and mice. At present, there are >50,000 and 
25,000 database entries for humans and mice, respectively, 
whereas only 1072 entries for pigs were available in the 
MSDB database [1]. In addition, we could not confirm 
the proteomes (spots) identified by the 2DE and 
MALDI-TOF due to the lack of commercial antibodies. 
Knowledge of the alteration of the protein complement 
would provide valuable information to overcome the 
problems posed by the immunologic barrier, microbiologic 
differences and xenospecies, which present hinder 
xenotransplantation [3,18]. Although there is limited 
data for the livers of miniature pigs due to the lack of a 
database, the data presented in this study provides for a 
first reference point for the developmental livers of 
miniature pigs, providing critical direction for further 
proteome analysis of livers in future studies. 
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